The measurement of cell activity changes during damage is important to 14 understand the process of cell death and evaluate the effect of medicines. To 15 evaluate cell activity generally, we extended the method of intensity fluctuation in 16 which intensity change in the pixel induced by the movement of organelles was 17 calculated. Cancer, endothelial and iPS cells were damaged by reactive oxygen 18 species (ROS) generated by a fluorescent dye (IR700), hydrogen peroxide, and 19 ultraviolet light. The intensity fluctuation in damaged cells gradually decreased 20 independent of the kind of cell, indicating that the decrease in the fluctuation is a 21 general phenomenon in damaged cells. The rupture of vesicles and 22 mitochondria in the cells were observed upon ROS production. The motility of 23 purified kinesin and dynein which transport vesicles and organelles was inhibited 24 by ROS. These suggest that ROS and cytotoxic molecules spreading from 25 ruptured organelles contribute to the reduction in cell activity which brings about 26 the decrease in the motility and intensity fluctuation of organelles driven by 27 kinesin and dynein.
Introduction 29
The intracellular condition of cells is changed by external stresses, such 30 as oxidation, no physiological pH and toxins. The accumulation of those stresses 31 leads to cell death (Fujii et al., 2003; Lagadic-Gossmann et al., 2004;  Martindale U87MG cells containing IR700 and MDA-MB-231-GFP-EB1 cells without 134 IR700 were cocultured and were illuminated with a red laser (Fig. 1c) . 135 Fluorescence images showed that the left and right cells in Fig. 1c were 136 MDA-MB-231 and U87MG cells, respectively (third column in Fig. 1c ). Phase 137 contrast images were observed before and at 2 minutes after 10 seconds of 138 photoactivation (first and second columns in Fig. 1c ). While the change in cell 139 shape caused by photoactivation could hardly be distinguished in the phase 140 contrast images, the decrease in motility in only U87MG cells after 141 photoactivation was clearly observed. These results indicate that the IFM 142 selectively detected the damaged cells.
143
Cell damage was also measured by ethidium homodimer-1 (EthD-1), 144 which is one of the conventional methods for detecting cell damage. After 1 145 second of photoactivation, the nuclei of cells were not stained significantly by 146 EthD-1 ( Supplemental Fig. 2 ). The nucleus was stained at 1 hour but not 30 147 minutes after photoactivation, suggesting that the IFM detected cell damage 148 more rapidly than staining with EthD-1. was attached to BSA-biotin via streptavidin, and then microtubules were flowed 274 into the chamber (Fig. 5a ). The microtubules were distributed homogeneously 275 before photoactivation (left column in Fig. 5c ). After photoactivation, the 276 microtubules accumulated within the area of photoactivation as a result of slow 277 movement, while the motility outside the area was hardly changed (right column 278 in Fig. 5c ). The position of the leading edge of the microtubules was tracked 279 every 10 seconds to understand the velocity change in response to oxidative 280 stress ( Fig. 5b and d) . Microtubules driven by kinesin and dynein moved linearly 281 and continuously before damage, while the motility decreased very much inside 282 the red circles (Fig. 5d ). The velocity after the photoactivation of IR700 and 283 addition of H 2 O 2 was analyzed from the trajectories of microtubules inside the 284 photoactivated area (Fig. 5b) . After photoactivation, the mean velocity of the 285 microtubules driven by kinesin and dynein was decreased from 394 to 6 nm/s 286 and from 99 to 4 nm/s, respectively. The velocity also decreased from 467 to 48 287 nm/s at 60 minutes in the presence of 0.1 mM H 2 O 2 . It is noted that the motility of 288 kinesin was not inhibited by red laser irradiation without using IR700 289 (Supplemental Fig. 6a ). The addition of an ROS scavenging system (GCOβ) 290 also prevented the decrease in the motility of kinesin caused by the 291 photoactivation of IR700 (Supplemental Fig. 6b ). These results indicate that the 292 decrease in the motility of kinesin and dynein was induced by oxidative stress. The motility of organelles in several cell lines, including cancer cells, 313 endothelial cells and iPS cells, was detected by the intensity fluctuation method 314 (IFM) (Fig. 1a) . The sensitivity and quantitativity of measurements of the Supplemental Fig. 2) . The IMF detected damage of cells even when EthH-1 320 staining did not detected the damage (Sakuma et al. 2016) .
321
Observation of cell morphology and motility under label-free 322 microscopes such as phase contrast is not so quantitative because of 323 polymorphism of cell (Ebara et al., 2018; Li et al, 2006; Masuzzo et al., 2016) . In 324 this study, the damage of cell was detected by IFM even when the changes in 325 the areas and shapes of the cell were not detected (Fig. 2 and Supplemental Fig.   326 1c). These indicate that the IFM is more sensitive and quantitative than the 327 fluorescence, motility and morphology methods (Fig. 1, 2, and 4) . . To specify the effect of photoactivation, we applied a motility assay of 338 kinesin and dynein to microtubules (Fig. 5) . The motility of microtubules inside 339 the photoactivated region rapidly decreased ( Fig. 5b-d) . However, the motility of Fig. 6b ). Therefore, our results indicated that the production 
361
Not only ROS but also acid and protease leaked from the damaged mitochondria 362 and lysosomes would inhibit organelle transportation (Boya and Kroemer, 2008) .
363
Acidification of the cytoplasm is also observed in the process of apoptosis and 364 with increases in ROS (Clément et al., 1998; Lagadic-Gossmann et al., 2004 , 365 Sakuma et al., 2016 . The bacterial cytoplasm showed decreased diffusion at QDs with a two-dimensional Gaussian function (Yildiz and Selvin, 2005) . From 504 the trajectories, the ensemble-averaged mean-square displacement (MSD) was 505 calculated by the following equation:
where N is the number of particles and x i (t) and y i (t) are the coordinates of 507 particle i at time t. In total, 32 and 29 particles with and without IR700, 508 respectively, were tracked, and then the MSD was calculated on each trajectory.
509
The mean MSD from t = 0 to 2 seconds was calculated and fitted to a linear A motility assay of kinesin and dynein was performed on cover glass in a 519 flow chamber (Fig. 5a ). First, 1 mg/mL bovine serum albumin (BSA) conjugated 520 with biotin was flowed to cover the surface of the glass. Then, IR700 was flowed 521 to conjugate with the BSA through the NHS moiety. Next, 1 mg/mL streptavidin 522 was flowed to bind with biotin, and then 0.5 mg/mL casein was flowed to prevent 523 the nonspecific binding of kinesin and dynein to BSA or the glass surface. Dimer 
